We have analysed the soft X-ray emission from the nuclear source of the nearby spiral galaxy M 81, using the available data collected with ROSAT, ASCA, BeppoSAX and Chandra . The source flux is highly variable, showing (sometimes dramatic: a factor of 4 in 20 days) variability at different timescales, from 2 days to 4 years, and in particular a steady increase of the flux by a factor of 2 over 4 years, broken by rapid flares. After accounting for the extended component resolved by Chandra , the nuclear soft X-ray spectrum (from ROSAT/PSPC, BeppoSAX/LECS and Chandra data) cannot be fitted well with a single absorbed power-law model. Acceptable fits are obtained adding an extra component, either a multi-color black body (MCBB) or an absorption feature. In the MCBB case the inner accretion disk would be far smaller than the Schwartzchild radius for the 3 − 60 × 10 6 M ⊙ nucleus requiring a strictly edge-on inclination of the disk, even if the nucleus is a rotating Kerr black hole. The temperature is 0.27 keV, larger than expected from the accretion disk of a Schwartzchild black hole, but consistent with that expected from a Kerr black hole. In the power-law + absorption feature model we have either high velocity (0.3 c) infalling Cv clouds or neutral Ci absorption at rest. In both cases the C:O overabundance is a factor of 10.
INTRODUCTION
M81 (NGC 3031) is a nearby galaxy (3.6 Mpc, Freedman et al. 1994) , with well defined spiral arms and a prominent bulge, with a structure similar to that of M31. Its nucleus is the
OBSERVATIONS AND DATA REDUCTION
A log of all the observations of M81 is given in Table 1 . M81 was observed 22 times with ROSAT in a period of seven years from 1991 to 1998: 12 times with the PSPC (Position Sensitive Proportional Counter; Pfeffermann et al. 1987 ) and 10 times with the HRI (High Resolution Imager; David et al. 1996) . This frequent coverage is mainly due to the monitoring of the supernova SN1993J (Zimmermann et al. 1994) , 2.7' south of the nucleus of M81, whose evolution was followed with roughly one observation every six months. The large field of view of the PSPC (2
• diameter) and of the HRI (30' diameter) ensures that the nucleus is included in every observation of SN1993J. The data have been processed using the IRAF(v. 2.11)/PROS (v. 2.5) software system (Tody 1986; Worrall et al. 1992 ).
The radius for source photon selection for the PSPC depends on the position of the source on the detector plane, because the radius of the Point Spread Function (PSF) increases with the distance from the center of the field of view (FOV) (Boese 2000) ; for the on-axis observations we used a source radius of 3', which includes 95% of the emission at all energies and an annular background region with inner and outer radii 3' and 7' respectively. For the off-axis observations the source position and radius were evaluated with the galpipe processing (Damiani et al 1997) applied to each observation and from the ROSAT/PSPC point spread function description (Boese 2000) : the radius is 5' and 6', for M81 nucleus offaxis positions of 16' and 36' to 42', respectively. We have excluded any part of the selected region obscured by the PSPC window supporting ribs. The background was extracted from an annular region with outer and inner radii 12' and 6' respectively, after subtraction of the contribution of point sources. For convenience of reference, we designate the PSPC pointings P1-P12 in time order.
The ten HRI observations pointed on M81 (H1-H10) have a total exposure time of 177 ksec. For each observation we used the position of the detected sources 2 , excluding the nuclear source M81 X-5, to check for possible misalignements of the astrometric frames and to correct for small spacecraft errors; no further alignment was needed. The PSPC and HRI position determinations are consistent with each other and from now on we will use the more accurate HRI centroid coordinates: RA 9 h 57 m 54.3 ± 0.1 s and Dec 69
• 03 ′ 46.4 ± 0.5" (J2000). For each HRI observation, source counts were extracted from a circular region with 1.3' radius, as found with the ldetect IRAF/PROS algorithm (S. Dyson 1999, private communication) .
The 21 available ASCA observations of M81 (A1-A21) were also used to estimate the 2 using the detection algorithm in the IRAF/PROS task xexamine flux of the nucleus (see Table 1 ; for a detailed analysis of these data see Ishisaki et al. 1996 and Iyomoto & Makishima 2001) . The ASCA/SIS data are less contaminated by the SN1993J emission than the ASCA/GIS ones. We extracted ASCA/SIS spectra from a 4' circular region centered on the apparent centroid of the M81 X-5 emission, excluding a 2' circular region centered on the supernova (that lies 2.8' from M81 X-5). The background was extracted from the portion of the SIS chip not contained in the above regions.
BeppoSAX observed M81 on June 4 1998. This observation was studied in detail by Pellegrini et al. (2000) . Here, we compare the SAX/LECS (Low Energy Concentrator Spectrometer) spectrum and ROSAT/PSPC spectra in order to check for spectral variability. For the BeppoSAX data, we used the standard source and background spectra provided by the Narrow Field Instruments public archive 3 , extracted from a 6' radius region centered on the source centroid position.
Chandra /ACIS has observed M81 twice (Ho et al. 2001 , Swartz et al. 2003 . We used the observation with the longest exposure time (50 ksec, Table 1 ) . The high flux of the nucleus produces > 80% of pile-up fraction, making the direct study of the properties of the nucleus unreliable. We therefore used the read-out trailed image of the nucleus to extract a spectrum unaffected by pile-up, using a narrow box region (5") running along the read-out direction of the chip containing the nuclear trailed image and excluding the direct image. The background was extracted from two similar regions adjacent to the source region, each 5" wide. In the following, this spectrum will be referred to as Chandra -T. The subarcsecond Chandra PSF allows the study of the circum-nuclear region, and in particular of its contribution to the ROSAT and BeppoSAX spectra. To this aim we extracted separately the spectra of the point-like sources (spectrum a) and of the unresolved emission (spectrum b), using the same extraction radius as for the on-axis ROSAT spectra (3'). The coordinates of the point-like sources are from Swartz et al. (2003) . We excluded the point-like nuclear source (a circular region with a 10" radius) and the read-out trailed image (from a strip 5" wide running along through the chip read-out direction). The background is extracted from the remaining portion of the chip. 
ROSAT TEMPORAL ANALYSIS
The ROSAT data form a long series of uniform observations, suitable for temporal analysis. Instead, the wide beam of ASCA and BeppoSAX data includes much galaxian emission, and we do not include them in the following analysis, except for the long-term light-curve. In Figure 1 we show the 1991-1999 long term light curve of the nucleus of M81 in the 0.5-2.4 keV band. The PSPC fluxes were calculated assuming a power-law with Γ = 1.79 plus a thermal component with kT ∼ 0.5 keV, obtained as final result of the spectral analysis (see Section 4). The same model was used to calculate the fluxes from the ROSAT/HRI count rates, through the PIMMS tool 4 . ASCA/SIS fluxes were evaluated using a power-law model, since the soft thermal component is negligible in the ASCA spectral band; the BeppoSAX flux was extrapolated from the value reported in Pellegrini et al. (2000) for the 0.1-2.0 keV band using their best-fit model. We note that the light curve in Figure 1 has been derived using data from four different detectors, and therefore one may expect some cross-calibration problems. In our case this is not a problem, since data taken with different instruments very close in time give consistent results. This happens in most HRI/ASCA pairs of data (see, for example, the groups of observations at 5.00 × 10 We observe a factor of 2-4 flux difference between the two high count-rate PSPC observations 1P and 3P and all the other PSPC pointings (all of which yield a similar, lower, count rates). We can confidently exclude an unlikely variability in the instrumental calibration, because no flux enhancement is seen in any of the sources in the field (see, e.g., X-9 La Parola et al. 2001 and other fainter sources (Immler & Wang 2001) . We can also rule out transient sources near the nucleus, because there is no significant spectral variation between 1P and 3P and the immediately following pointings (Section 4). The above considerations suggest that this variation should be ascribed entirely to the nuclear source.
To search for short term variations, we examined the light-curves from individual ROSAT observations. Figure 2 presents these light-curves in order of their observation. Each bin corresponds to one GTI (Good Time Interval 5 ) and the time is given in days starting from the ROSAT launch (June 1990) .
The data show variability on three different timescales:
• Slow variability: a slow regular ascending trend can be observed, starting on November 1993 and ending on April 1996, with a difference of a factor of ∼ 2 in the flux between the first and the last point (Figure 1 ). This trend was reported by Pellegrini et al. (2000) and Iyomoto & Makishima (2001) for the 2.0-10.0 keV band from BeppoSAX and ASCA data.
• Medium variability: both before and after the period of regularly increasing flux, there are two periods of irregular variability (Figure 1 ). This is more marked before November 1993, where two very bright flare-like episodes are seen, with variations up to 4 times in flux. It is weaker (but nevertheless extremely significant) after April 1996. This kind of variability was not previously reported.
• Fast variability: the lightcurves of many observations ( Figure 2) show variability of up to 30% on timescales of the order of one day (e.g. observations 9P, 4H, 6H, 9H), as found with BeppoSAX (Pellegrini et al. 2000) , or even a few hours (e.g. observations 5P, 9P, 10H), confirming the early EXOSAT report (Barr et al 1985) .
A Kolmogorov-Smirnov variability test (KS, see, e.g., Conover 1971) applied to the unbinned data and a χ 2 test applied to the light curves binned into GTI show that 11 out of 22 observations are variable in both tests with more than 99% probability of rejecting the hypothesis of constant rate (Table 2) . Despite the abrupt drop in flux by a factor of ∼ 3 in one day between observations 1P and 2P and the factor of ∼ 2 rise 20 days later between 2P and 3P (Figures 1 and 2 ), the individual light curves of these observations do not show any sharp change of the count rate.
We investigated the spectral variability in the PSPC observations by calculating a hardness ratio of each observation in two pairs of bands ( Table 2 ). The first, HR1: 0.11-0.42 keV/ 0.52-2.02 keV, covers the whole spectral range of the PSPC and can give information on the absorbing column. The second HR2: 0.52-0.91 keV/ 0.92-2.02 keV, covers only the hardest part of the spectrum and is more sensitive to spectral index variations. We performed a χ 2 test against the ipothesis of constant distribution centered on the average value: HR1 does not show any variability (χ 2 /ν = 13.6/11, where ν is the number of degrees of freedom) while HR2 shows evidence of variability (χ 2 /ν = 65/11). We found no evidence of correlation of the hardness ratio with the total flux ( Figure 3 ). The spectral analysis revealed that the spectrum is indeed variable, as discussed in Section 4. The details on models used for flux calculation and spectral analysis are given in Sections 3 and 4. The luminosity (right Y axis) is calculated assuming a distance of 3.6 Mpc (Freedman et al. 1994 ). The points from other instruments are derived from the literature and are marked as follows: E = Einstein/IPC (Fabbiano 1988) ; EX = EXOSAT and B = BBXRT (Petre et al. 1993 ); C = Chandra /ACIS (Swartz et al. 2003) ; X = XMM (Page et al. 2003) The numbers near the symbols of the twelve PSPC observations show the time sequence of the relevant data points and clarify the rapid and large transients in the first part of the light curve. Fig. 2 .-Light curves of PSPC and HRI observations (identified with a P and a H on the right of the graph respectively). Time is in days since the satellite launch (June 1990) ; the number on the right of each curve identifies the observations sequence as in Table 1 . Table 2 ) vs. count rate. Triangles and stars indicate respectively the observations with and without the strong absorption feature (see Sections 4.2 for a discussion)
SPECTRAL ANALYSIS
The spectra were analysed using the software XSPECv 10.0/11.1 (Arnaud, George and Tennant 1992).
The galactic emission
The large beam spectra from BeppoSAX and ROSAT include a significant contribution from the circumnuclear region of the galaxy, within the 3' extraction radius around the nucleus. The high resolution Chandra observation allows us to measure the galaxy emission (both diffuse and from individual point sources) included in the wider beam ROSAT and BeppoSAX spectra. As described in Section 2, we used the same extraction radius as for the ROSAT data (3'), but excluded the region affected by the nuclear point source and the strip containing the trailed image of the nucleus. We then extracted two spectra: a) the individual point source spectrum, obtained summing the spectra of the bright sources falling within the 3' circle, as listed in Swartz et al. (2003) , b) the diffuse spectrum, i.e. the emission within the same region excluding the point sources. These have roughly equal fluxes. We then formed the total spectrum c), summing the diffuse and the point-source spectra. We fitted simultaneously the spectra a), b) and c), imposing the best fit model of spectrum c) to be the sum of the best fitting model of spectra a) and b). The best fit parameters are in Table 3 . We find that spectrum a) can be described with power-law with Γ ∼ 1.7 plus a multicolor black body (MCBB, model diskbb in xspec) at ∼ 0.08 keV and a gaussian at ∼ 0.8 keV. To describe spectrum b) we need a Raymond-Smith spectrum at ∼ 0.25 keV and, again, a power-law with Γ ∼ 1.7. Spectra a) and b are not consistent with each other. However, in both cases the Nh is consistent with the Galactic line of sight value and the two power-law slopes are consistent with each other. In merging the models to fit spectrum c we used only a single power-law component. The [0.5-2.4] keV flux corrected for absorption by the best fit Nh is 8.1 × 10 −13 erg sec −1 cm −2 for the integrated point source emission and 6.9 × 10 −13 erg sec −1 cm −2 for the diffuse emission, for a total of 1.5 × 10 −12 erg sec −1 cm −2 .
The nuclear spectra
We first analysed the ROSAT spectra, extracted with the IRAF routine qpspec and processed with proscon, using the response matrices publicly available through the HEASARC/ROSAT webpage 6 . As a preliminary step, we fitted the spectra of each of the 12 observations with a simple absorbed power law model, in order to search for spectral variability. A comparison of residuals of each observation to the relevant best fit model (Figure 4) shows that some observations (6P, 7P, 8P, 10P, hereafter "dip" observations) show a large dip in the residuals between 0.2 and 0.7 keV, while the remaining seven observations (hereafter "flat") are well described by a power-law.
We improved the statistics of the spectral fit by summing the spectra by type. We then fitted the two resulting spectra with a simple power-law. The results show that in the summed dip spectrum the absorption feature is clearly visible between 0.3 and 0.5 keV ( Figure 5) ; however, in the summed flat spectrum there is also a broad, weak absorptionlike structure, at the same energy, suggesting that the feature is in fact present in all the observations, albeit with varying intensity. We can confidently rule out the hypothesis that the feature is an instrumental effect, as there is no hint of it in the spectra of other sources of the same field (see e.g. X-9 in La Parola et al. 2001) . In order to minimize the contribution from other bright sources in the vicinity of the nucleus, and because the effective area is poorly calibrated for off-axis PSPC sources, the subsequent analysis was carried on a spectrum selected from the sum of the eight observations where the nucleus was on-axis.
We also checked for the presence of the absorption feature in observations by other instrument. ASCA has too little response below 0.5 keV. We can however use SAX/LECS and Chandra-T (read-out trail) spectra (see Section 2 for details on the extraction of these spectra). We decided to fit the whole energy range (0.1-4.0 for LECS, 0.3-8.0 for ACIS, compared with 0.1-2.4 for PSPC), in order to have a better estimate of the continuum. We fitted each of these spectra with a simple power-law model (Table 4 ). An absorption feature at ∼ 0.3 keV is seen in these spectra as well. This is made more evident in Figure 5 , where we plot the residuals obtained by fitting with a power law only the energy range above 1.0 keV, that shows also how the feature is at slightly different energy in the three spectra.
We then made a more careful analysis (see Table 4 ) of the ROSAT/PSPC and SAX/LECS data by adding a fixed component to model the extended galaxy contribution, set to the best fit model derived from the Chandra data of the 3' radius extraction region around the nucleus (see Section 4.1) in addition to the variable components. A power-law plus this extended component gives a good fit to energies higher than 1 keV, but still overpredicts the emission between 0.3 and 0.6 keV. To investigate the nature of this "dip" we tested four models in which a single component was added to the power-law: an optically thin Raymond-Smith plasma, a multi-color black body accretion disk (MCBB), an absorption edge and a gaussian line in absorption (Table 4) . In all cases the improvement over a simple power-law model is highly significant, with F-test probabilities lower than 1%. The BeppoSAX and ROSAT data give similar results for both the MCBB and the Raymond-Smith components, with a better χ 2 for the disk model. In both cases, the edge model has a χ 2 comparable with that of the disk model. The energy of the edge found for BeppoSAX data (0.22
−0.06 keV) is lower than for ROSAT data (0.41 +0.08 −0.13 keV). In the Chandra data we found that the fits require a lower temperature Raymond or MCBB component, while the edge energy is 0.29 ± 0.02 keV. The gaussian model significantly improves the fit of the Chandra data (χ 2 /ν = 104/127) while for the PSPC data it is equivalent to the other models and for BeppoSAX it is slightly worse. The best fit energies of the gaussian absorption line are consistent with each other in the three instruments.
The power-law index in the ROSAT data is steeper than in the SAX data by ∆Γ ∼ 0.4 to 1.0, depending on the spectral model. An offset of ∆Γ ∼ 0.4 has been observed in other objects too (e.g. NGC5548 Iwasawa, Fabian & Nandra 1999) , and is thought to be a systematic calibration offset. In this case the difference is sometimes larger than this offset ( in NGC5548), suggesting that at least part of the steepening is real, and not an instrumental effect. The luminosity of the power-law source in the 0.5-2.4 keV range is 2.3 × 10 40 erg/s (corresponding to 1.6 × 10 −11 erg sec −1 cm −2 ) for BeppoSAX and 1.4 × 10 40 erg/s (1.0 × 10
erg sec −1 cm −2 ) for the PSPC data used in the spectral analysis. Since the contribution of circumnuclear emission from the Chandra analysis was included in the fit models for the ROSAT/PSPC and SAX/LECS data, these luminosities are truly representative of the nuclear source. The Chandra-T spectrum cannot be used directly to obtain a normalization, and thus a flux. We use here the estimate of Swartz et al. (2003) , see Figure 1 , which give L X = 3.8 × 10 40 erg/s in the 0.5-2.4 keV range (i.e. 2.6 × 10 −11 erg sec −1 cm −2 ).
In summary, our analysis revealed that the nuclear spectrum is consistent with a powerlaw plus a soft component that can be modelled either with an absorption feature at 0.3 ∼ 0.4 keV or with thermal disk emission (MCBB model) at 0.2 ∼ 0.3 keV. The spectrum is absorbed in excess of the Galactic Nh, while the spectrum of the circumnuclear region (only from Chandra /ACIS data) does not show any excess absorption. The circumnuclear emission is modelled as two components, resolved point sources (described with a power-law plus a MCBB, with L X = 1.2 × 10 39 erg/s) and diffuse emission (described with a power-law plus a Raymond-Smith model, with L X = 1.0 × 10 39 erg/s), that contribute for a total of L X = 2.2 × 10 39 erg/s (i.e. 1.5 × 10 −12 erg sec −1 cm −2 ). 4.6 × 10 Note. -The Nh is constrained to be not less than the Galactic line-of-sight value (4.1 × 10 20 cm −2 ). All fluxes are calculated in the 0.5-2.5 keV band and corrected for best fit Nh Note. -The model derived from Chandra data for the galactic emission (Table 3) We have detected flux variability on various time scales, from a few hours to years (Section 3). At least 12 of the light curves of the individual PSPC and HRI observations (binned on the GTIs) show variability at a high confidence level, on timescales of ∼ 1 day. Since the sampling of the ROSAT data is sparse, searches for periodic signals or characteristic timescales are unreliable. The variability appears to be characterized mainly by three fast X-ray shots, rising and decaying in 2 to 20 days (observations 1, 3, 10) followed by a slow rise over the next few years, and then becoming irregular after 1997.
Short timescales.
M81 is part of a sample of LLAGN that are observed to be less variable, on timescales less than a day, than "normal" AGN. Four ASCA observations of M81 show that its behaviour is consistent with that of the other LLAGN in the sample. Ptak et al. (1998) compared the amplitude of the variability (through the "excess variance" calculation, see Nandra et al. 1996 ) of a sample of LLAGN with that of Seyfert galaxies examined in Nandra et al. (1996) and found that while the latter show a significant anti-correlation between the X-ray luminosity and the excess variance, the LLAGNs are well outside of this trend, as their excess variance is apparently independent of luminosity and indicative of a much smaller amplitude of variation. Ptak et al. (1998) suggested that this difference in the variability trend of the Seyfert galaxies and LLAGN could be due to the presence of an ADAF in the LLAGNs. In an ADAF the X-ray radiation comes from a region (the ADAF corona) that is much larger than the X-ray emitting region of disks in Seyfert nuclei, leading to small amplitude variations on longer time scales. Pellegrini et al. (2000) suggested that the X-ray spectrum of the nucleus of M81 could indeed be the signature of an ADAF at work, in an intermediate accretion rate regime, where the main emitting process is inverse Compton scattering rather than bremsstrahlung.
However, using a sample of six quasars plus the Nandra et al. 1996 sample of AGN, Fiore et al. (1998) showed that the excess variance σ 2 RM S is instead correlated with the slope of the spectrum, rather than the luminosity, and that flatter spectrum sources tend to be less variable on a 2-20 day timescale than steeper spectrum sources. M81 has a relatively flat spectrum and the excess variance from three ASCA observations (Ptak et al. 1998 ) agrees with the Fiore et al. (1998) σ 2 RM S vs. Γ correlation for timescales of 1 day or less. However, looking at the whole set of available observations, we find that 2 to 20 days is the timescale of the two flare events, and this suggests that M81 could lie well above the Fiore et al. (1998) correlation. The full M81 dataset also does not fit the Ptak et al. (1998) 
L and instead shows an amplitude variability consistent with normal, non ADAF, AGN. A similar behaviour is observed by Gliozzi, Sambruna & Brandt (2003) in NGC 4261, a giant elliptical radio galaxy with a LINER nucleus, that hosts a low luminosity AGN: on the base of XMM-Newton light-curve and hardness ratio evolution, the authors conclude that the X-ray variability is related to the accretion flow.
If the observed flares are due to a dynamical instability, so that their timescales correspond to the Keplerian period, we can estimate the radius R at which the flare is produced, using the time interval between the flare and the closest observation with lower flux (1P-2P = 2d, 2P-3P = 20d) . The Keplerian time is:
where G is the gravitational constant, R/R S is the radius in units of Schwartzchild radii, M is the central mass and M ⊙ is the solar mass. Using the estimated limits of 3 × 10 6 M ⊙ < M < 6 × 10 7 M ⊙ for the mass of the nuclear black hole in M81 (Ho, Filippenko, Sargent 1996; Bower et al. 2000) we get 35 < R/R S < 260 for the 2d flare and 160 < R/R S < 1200 for the 20d flare.
Long timescales.
The regularity of the rise from late 1994 to 1997 is broken by some irregular fluctuations in the last 3 years of observations (1997-2000, Figure 1 ). The slow increasing trend could be interpreted as a steady increment of the accretion rate. In the case of M81 this increment must be small enough not to modify the emitted spectrum significantly. Assuming for the central black hole a mass of 3×10 Ho, Filippenko, Sargent 1996; Bower et al. 2000) , we get an Eddington luminosity of 4.5×10 44 −9×10 45 erg/s. If 10% of the luminosity is emitted in X-rays (e.g. Elvis et al. 1994 ) and produced by accretion with efficiency η = 0.06 (Frank, King & Raine 1992) , we would have L Bol /L Edd = 1.1 × 10 −3 − 2.2 × 10 −2 and an accretion rateṀ = L Bol /(ηc 2 ) = 3 × 10 −5 M ⊙ /yr. If the change in luminosity during the 1994-1997 steady rise is entirely due to a change in the accretion rate, this would mean thaṫ M has doubled during the same period.
If the nucleus of M81 hosts an ADAF (e.g. Narayan & Yi 1994) , as suggested by Pellegrini et al. (2000) based on the lack of reflection features and of the thermal blue bump, the inferred accretion rate would locate it between the quiescent and the low state regime, characterised byṀ /Ṁ EDD 0.08 (Esin, Mc Clintock and Narayan 1997) .
5.2. The spectrum.
As described in Section 1, there is a general agreement on the description of the 2.0-10.0 keV continuum of the nucleus of M81 (a power law with Γ ≃ 1.85: Ishisaki et al. 1996; Pellegrini et al. 2000) , while some variety of results still exists with regard to the soft X-ray emission. Using Chandra data we were able to estimate the contribution to the soft emission due to circum-nuclear point sources and hot ISM, and therefore to derive cleaner nuclear spectra from the larger beams of the ROSAT/PSPC and SAX/LECS.
The circum-nuclear emission.
The integrated spectrum of the point sources (a) is consistent with a power-law plus a soft component, best-fitted with a MCBB with kT=0.082 ± 0.006 keV and a large gaussianlike feature at 0.84
−0.05 keV (F-test probability for the addition of this component lower than 10 −9 ). The power-law is consistent with the typical spectra of low mass X-ray binaries (LMXB). The presence of a thermal component due to accretion from a disk is also common in LMXB, but we would expect a much higher temperature (∼ 1 keV, e.g. Frank, King & Raine 1992) . Together with the presence of the Gaussian feature, this suggest that the the soft spectrum could be quite complex, as it includes many sources that may have very different spectra. However, an accurate study of the point-like sources spectrum is beyond the aim of this work. For more details on this topic see Swartz et al. (2003) . The spectrum of the diffuse emission (b) contains a power-law that is very similar to spectrum a and could be due to unresolved compact sources. It also includes a significant contribution from a Raymond-Smith spctrum that most probably comes from hot ISM. Borozdin & Priedhorsky (2000) find a very similar spectrum (with the same ratio of 0.5 between the power-law and the thermal component fluxes) when analysing the ROSAT/PSPC spectrum of the unresolved emission in the central region (less than 8') of M31. Comparing this spectrum with that of the LMXBs in the same region, they conclude that the thermal spectrum is most probably produced by truly diffuse emission from interstellar gas.
In their analysis of an XMM/RGS spectrum of the nucleus of M81 extracted from a strip 52" to 75" wide in the cross dispersion direction, Page et al. (2003) report the presence of three different thermal components, with temperature 0.18, 0.64 and 1.7 keV. They conclude that the first two are consistent with hot ISM produced by supernova remnants, while the third (and part of the second) could be produced by LMXB. They measure a flux of 8.7×10
−13 erg sec −1 cm −2 for the sum of these components. This value is roughly half the flux of spectrum c (the sum of spectra a and b), but it is not easily comparable with our value, because of the different conditions of extraction (imaging in ACIS vs. dispersed spectrum in RGS).
In both a and b spectra the Nh is consistent with the Galactic value along the line of sight. This implies that the excess of cold absorption seen in the nuclear spectra collected with the wide beam instruments (see below) is intrinsic to the nucleus.
The nuclear emission.
In the PSPC, BeppoSAX and Chandra -T spectra we detect an excess of Nh with respect to the Galactic line of sight value (4.1 × 10 20 cm −2 ). This excess ranges from 2 to 32×10 The spectrum is not consistent with a single power-law in any of the data sets, all of which show an absorption-like feature at 0.4 keV, superimposed on a power-law fit. A Power-law + MCBB model gives acceptable results, with similar values in the ROSAT, BeppoSAX and Chandra data. The observed temperature is hotter than that expected for a Schwartzchild black hole of the mass of M81 (0.007-0.014 keV) but is consistent with that expected for a Kerr black hole (0.39-0.83 keV). However, the normalization of the model implies an inner disk radius of < 5 × 10 4 km if seen face on. This is smaller than the Schwartzchild radius of (4.5 − 70) × 10 6 km for a (3 − 60) × 10 6 M ⊙ black hole as in M81. A consistent Power-law+MCBB model requires the disk to be almost edge-on (θ ∼ 90
• ) as well as needing a Kerr black hole. Makishima et al. (2000) made the same suggestion in the analogous case of ULXs in galaxies.
Alternatively, the feature can be fitted with an absorption edge. The optical depth of the edge is variable, and is not seen in all of the ROSAT data, but its presence and depth are not correlated with the flux. Also, the observed edge may change energy between the three instruments: we find an energy of 0.41 −0.16 in Chandra . These measurements are consistent at the 95% confidence level with the neutral C k edge at 0.284 keV. Alternatively, we may be detecting either different spectral features or a single feature found at different redshifts in different observations. The energy of the PSPC feature is consistent with the Cv edge at 0.39 keV and could be produced by an ionized gas in front of the nuclear source.
If the feature seen in BeppoSAX and Chandra is produced by the same ion, this would require the gas to be substantially redshifted (z = 0.34 ± 0.09 in Chandra -T and z = 0.8 ± 0.4 in BeppoSAX). However, once large redshift are allowed, the PSPC may be seeing moving matter too, so we cannot exclude that the edge is produced by other elements (e.g. highly redshifted Ok edge or Ovii, or mildly ionized Fe, i.e from Feix at 0.23 keV to Fexiv at 0.39 keV). In any case this model suggests that the three instruments are seeing a dynamically variable system of clouds and that in the more recent observations the clouds may be accelerating toward the nucleus. Outflow velocities of 0.1-0.3 c have been reported in several quasars for the Fek resonant absorption line (Chartas, Brandt & Gallagher 2003; Reeves, O'Brien & Ward 2003) . All of these are high luminosity objects that are probably radiating at or above their Eddington limit (King & Pounds 2003) , while M81 is radiating at 0.001-0.02 L Edd .
A third possibility to fit the absorption features is a gaussian absorption line. This model yields by far the best fit to the Chandra data. The line energy is consistent either with the Cv Kα line at 0.308 keV or with the Cvi Kα line at 0.367 in all three instruments, but again the lack of any feature that could be associated with O makes this interpretation doubtful. The Ovii line at 0.57 keV would be consistent with the best fit energy in the PSPC, but it would require a significant redshift to explain the feature in the other instruments (z∼ 0.9 in BeppoSAX and z∼ 0.6 in Chandra ), implying a very dynamic evolution. In either case, however, the observed equivalent width (20 eV in the PSPC, 255 eV in SAX/LECS and 318 eV in Chandra /ACIS) would require equivalent hydrogen absorbing columns larger than 10 22 cm −2 (Nicastro, Fiore & Matt 1999) and deep absorption edges for the corresponding ions (Ovii at 0.74 keV, Cv at 0.39 keV and Cvi at 0.49 keV). The lack of these features seems to rule out this interpretation.
The main problem with the interpretation of the feature as a C edge (either neutral or ionized) is that there is no evidence of the corresponding O K edge or any other of the edges, expected between 0.5 and 0.8 keV, which we would expect to see in a thermal gas with solar composition. The depth of the edge would then require an over-abundance of C with respect to O by a factor of 10 or more. If the O were depleted onto large dust grains, the O edge could be substantially suppressed. Gaskell et al. (2003) argue that large dust grains are common in AGN. If the number ratio of C/O is above 1, the dust will be rich in oxides, with almost non-existent carbon grains, leaving an overabundance of atomic C in the gas phase (Whittet 2003) . Elvis, Marengo & Karovska (2002) suggest that the formation of dust could be triggered by the free expansion of quasar broad emission line clouds in an outflowing wind.
The strong flux below the absorption features in both the edge and gaussian models strongly suggest the presence of warm gas (∼ 10 6 K). This gas would be in addition to the more highly ionized gas inferred by Pellegrini et al. (2000) from the presence of highly ionized Fe features (the emission line at 6.7 keV and the absorption edge at 8.6 keV). Dusty warm absorbers have previously been suggested in other AGN (Komossa & Bade 1998; Komossa & Breitschwerdt 2000) .
Conclusion
We have analyzed a large set of observations of the nucleus of M81, including ROSAT, ASCA, BeppoSAX and Chandra observations, in order to study the spectrum and variability of this bright source.
The 20 yr coverage of the nucleus of M81, with different X-ray observatories (EXOSAT, Einstein, ROSAT, BeppoSAX, Chandra , XMM-Newton) shows variability of this source on different timescales. In particular, a steady increase of the nuclear luminosity is suggested by the frequent coverage between years 1990 and 2000, interrupted by shorter flares lasting from 2 to 20 days. Also, flickering on timescales < 1 day is visible in the ROSAT data.
The steady increase of the luminosity can be interpreted as due to a change in the accretion rate onto the central black hole from the low luminosity (PSPC) to the high luminosity (Chandra ) observations. The 2-20 days timescale of the two major flares (observations 1P and 3P) suggest dynamical instabilities occurring at between 35 to 1200 R S .
Analysis of the ROSAT/PSPC spectra suggests spectral variability, which can be understood with the variability of a negative residual at energies below 1 keV, relative to the best fit power-law model. This feature is confirmed by an independent analysis of BeppoSAX and Chandra -T spectra. Spectral analysis with a variety of models (and including the best fit estimate of the circum-nuclear emission from Chandra ), suggests that the soft spectra can be interpreted either as thermal emission from an highly edge-on accretion disk feeding a Kerr black hole or, even better, as the absorption by warm, Oxygen-depleted, gas in front of the nucleus. In the absorber case, the gas may be either highly ionized, and in which case it must be subject to strong dynamics, or, more likely, low ionization low velocity gas. A physically plausible model to explain the lack of oxygen features is that large O-rich dust grains have been formed out of the absorbing gas.
